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Introduction
Fluoride in drinking water is known for having both beneficial as well as detrimental effects on health. Fluoride is considered to be essential for bones and teeth if present in concentrations in the range of 1.0 to 1.5 mg/L [1] but the higher levels of fluoride lead to dental and skeletal fluorosis. Excess fluoride concentrations in water bodies are prevalent all over the world. Removal of fluoride from contaminated water by different techniques such as chemical precipitation, ion exchange, osmosis, reverse osmosis, nanofiltration, Donnan dialysis, etc. has been reported by numerous researchers.
Among all, adsorption technique is widely acceptable and many adsorbents have been tested for fluoride removal from contaminated water [2] [3] [4] [5] [6] [7] [8] [9] [10] . However, the viability of adsorption techniques is greatly dependent on the development of adsorptive materials and optimization of the performance of adsorbents. Among various adsorbents tested for fluoride removal from aqueous solutions, activated alumina (AA) appears as one of the most studied adsorbents [11] [12] [13] [14] [15] . According to USEPA, the best two technologies generally available (BTGAs) for fluoride removal are (1) adsorption on activated alumina and (2) reverse osmosis [16] . However, slow intra-particle diffusion and accumulation of bacteria in the long run, promoted researchers to scan other possible adsorbents. Recently, micro-nanohierarchal web (MiNaHiWe) of carbon fibres has been reported [17] for efficient removal of dissolved fluoride ions in wastewater over the concentration range of 1-50 mg/L. Onyango et al. [18] used Surface-Tailored zeolite for fluoride removal and reported the adsorption capacity 28-41mg/g which is more than most commercial adsorbents. However, the final water quality after defluoridation and and FeOOH in different forms make a category of their own as adsorbents. Zhang et al., [19] [20] have reported a Ce-Fe bimetal oxide adsorbent, which showed high adsorption capacity for anions like arsenate, phosphate and fluoride. In another study rare earth based inorganic adsorbents showed good fluoride uptake but the optimum pH was as low as 3.0 [21] . The efficiency of fluoride adsorption depends on the chemical composition and physicochemical characteristics of adsorbent such as shape, size and dispersion of particles. Surfactant assisted precipitation route is one where both dispersion and size of the particles can be tailored. Cetyltrimethyl ammonium bromide (CTAB), a cationic surfactant has shown promise in the synthesis of nano rods/particles with homogeneous size and shape. In the present study an attempt has been made to synthesize nano powders of mixed iron oxide/oxy-hydroxide through surfactant (CTAB) mediationprecipitation technique for developing an efficient adsorbent for fluoride mitigation from aqueous solutions.
Experimental procedure

Materials
Fe(NO 3 ) 3 .7H 2 O and cetyltrimethyl ammonium bromide (CTAB) used for synthesis were of Analytical Grade (E Merck, India). Sodium fluoride (Ranchem, India) was used for the preparation of the standard fluoride (1000 mg/L) stock solution. Sodium 2-(para sulfophenyl azo)-1,8-dihydroxy-3,6-naphthalene disulfonate (SPADNS) and zirconyl oxychloride used for fluoride analysis were of GR (E. Merck) grade.
Preparation of mixed iron oxide/hydroxide sample by surfactant mediationprecipitation technique
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A c c e p t e d M a n u s c r i p t 5 100 mL of a 0.88 M Fe(NO 3 ) 3 was taken in a clean, dry beaker. To this 5 mL of 10 % cetyltrimethyl ammonium bromide (CTAB) solution was added and the solution was stirred for 2 h. The pH of the solution was adjusted to 10.0 by addition of 1 M NaOH solution under stirring. The contents were further stirred for 24 h after pH adjustment. The precipitate formed was filtered through a G4 frit crucible and was thoroughly washed with water until the filtrate was free of nitrate. The precipitate was then transferred to a beaker and the volume made up to 500 mL with water. The beaker was kept at 60 0 C for 12 h in an oven. After aging, the solution was finally filtered through a G4 crucible, washed thoroughly with water and dried in an oven at 100 0 C for 24 h.
Batch fluoride sorption experiments on the prepared sample and fluoride analysis
A 100 mg/L fluoride stock solution was prepared by dissolving 0.221g of NaF in 1L of double distilled water. The experimental solutions were prepared by appropriate dilutions of the above solution. 0.1 g of the sample was taken in a 100 mL polyethylene plastic vial and 50 mL of fluoride solution of known concentration was added. The contents were kept for constant shaking in a temperature controlled water bath shaker over a period of time and the solids were separated by filtration using 0.45µM filter paper.
The solutions were collected for analysis and fluoride concentration in the solutions was determined. Fluoride analysis was carried out by following SPADNS method [22] and the color absorbance was measured on UV/Visible Spectrophotometer.
Chemical analysis and characterization
The samples were acid digested and iron analysis was done both volumetrically [23] as well as by atomic adsorption spectrophotometer ((Perkin-Elmer Model AA200)).
A c c e p t e d M a n u s c r i p t 6 pH PZC of the synthetic material was determined following Blisterry and Murray method [24] . Accordingly, to a series of well-stoppered 125 mL polyethylene bottles containing 
XRD studies
The XRD pattern of the sample given in Fig.1 (110), (200), (113) and (114) 
TEM studies
The sample was sonicated in ethyl alcohol and its TEM image was taken at 
Mössbauer spectra of as prepared mixed iron oxide sample
Mössbauer spectrum of the as prepared mixed oxide sample recorded at room temperature is shown in Apart from the six-line components, a doublet with isomer shift 0.25 mm/s with respect to iron and quadruple splitting 0.65 mm/s is also fitted. These parameters match with ferrihydrite and support the XRD interpretation. The relative absorption areas of hematite, goethite and ferrihydrite are 9, 77 and 14% , respectively.
Adsorption of fluoride on nano mixed iron oxide sample
Effect of pH
The effect of pH on fluoride removal was studied in the range of 3. have been widely reported [25] [26] [27] [28] . As reported earlier, anion adsorption on metal oxide surface is through columbic forces and/or ligand exchange reactions, where the anions displace OH− or H 2 O from the surface [25] . In our studies it was observed that the pH of the equilibrated solution slightly increased in acidic pH range, while it slightly decreased when the initial solution was alkaline. Hence, the fluoride adsorption on mixed ion oxide may be due to anion exchange at acidic pH and by van der Waals forces at alkaline pH ranges. The most probable mechanism for fluoride adsorption in acidic condition is mainly as [26] : 
Effect of contact time
Effect of adsorbent dose
The effect of adsorbent dosage on fluoride removal at fixed pH and initial fluoride concentration (30 mg/L) under equilibrium condition is shown in Fig.7 . It is evident that the percent of fluoride removal increased with the increase of the adsorbent concentration which is due to the fact that a greater amount of adsorbent provides greater number of available binding sites. The decrease in loading capacity is expected as for the same initial concentration of F -the amount of adsorbent increased.
Effect of initial fluoride concentration
The 
Isotherm analysis
The isotherm experiments shown in Fig.8 were fitted to the Langmuir and 
Effect of temperature and thermodynamic feasibility of the process
To study the effect of temperature on adsorption, temperature was varied from 35 
. Effects of coexisting anions
The effect of coexisting anions namely sulfate and chloride on fluoride adsorption onto the synthesized sample was examined and the results are given in Fig.13 . Sulfate and chloride interfere with fluoride removal even at a concentration of 5 mg/L. However the effect of sulphate is more pronounced than that of chloride. Similar effect has been reported earlier when HFO was taken as an adsorbent [33] . Cl − had less impact on fluoride adsorption, as Cl − forms an outer-sphere surface complexes, while SO 4 2− forms A c c e p t e d M a n u s c r i p t 13 both outer-sphere and inner-sphere surface complexes [34] . Therefore, the expected impact of Cl − on fluoride adsorption is less significant than that of SO 4 2− .
Treatment of ground water
The study has shown that the synthesized mixed iron oxide has a good fluoride adsorption capability. Studies were carried out to remove fluoride from water samples (Fig.1) . The XRD data given in Table 1 A c c e p t e d M a n u s c r i p t 14 ferrihydrite phases. The 100% RI peak for goethite in the fluoride loaded sample was observed at 2.489 Å which could be due to this being common for goethite and ferrihydrite. From the intensities of various peaks it can also be observed that the adsorption of fluoride in general enhanced the peak intensity of ferrihydrite phase except for the peak appearing at 1.924 Å. These results do indicate goethite and ferrihydrite phases to be providing active sites for adsorption.
FTIR studies
The FTIR spectra of the adsorbent before and after fluoride adsorption are shown [36] . This band is affected by the shape of the goethite particles [35, 36] . Fig.15 shows that the band at 1161 cm -1 present before adsorption disappeared after fluoride adsorption. It can be deduced that the disappearance of this band is due to the fact that partly adsorption of fluoride has taken place at the hydroxyl site. Because -OH and F -have nearly the same size, these can exchange for each other and F -can get adsorbed.
Mössbauer studies
The Mössbauer spectrum of fluoride loaded sample recorded at room temperature is given in Fig.16a and the distribution of B hf and absorption areas in 
